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INTRODUCTION 
Approaches to treatment of central nervous system dys­
function such as Bobath's neurodevelopmental approach (Bobath 
and Bobath, 19 72) and Ayres' sensori-integrative approach 
(Ayres, 19 72) incorporate a developmental view of central 
nervous system function. Such a view suggests that with 
maturation increasingly higher levels of integration in­
corporate early responses within more adaptable and complex 
ones. For example, certain reflexes which are normally 
seen in early development have less effect with increased 
maturity. Such a reflex is the asymmetrical tonic neck re­
flex (ATNR) . 
The ATNR, according to Hellebrandt, et al. (1962) , was 
originally described by Magnus and de Kleijn as elicited by a 
sideward rotation of the head. With rotation, extensor tone 
increases in the muscles of the "jaw-arm and -leg" (the side 
of the body toward which the face is turned). At the same 
time flexor tone increases in the "skull-arm and -leg" (the 
opposite side) . 
The commonly held clinical view of the developmental 
course of the ATNR is that it can be seen in normal infants 
between 1 week and 5 months of age. It is believed to be 
inhibited as the central nervous system matures (Peiper, 1963) . 
However, research suggests that the ATNR continues to influence 
movement in normal adults under certain conditions in 
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eluding relaxation and exercise stress (Fukuda, 1959, 1961; Helle-
brandt, Schade and Cams, 1962; Ikai, 1950; Tokizane, 1951; 
Waterland, Doudlah and Shambies, 1966) and children (Parr, 
Routh, Byrd and McMillan, 19 74) . 
Some therapists appear unaware of these data when they 
label the presence of the ATNR in children over 6 months old 
as "abnormal". Such labeling of "abnormal" reflex presence is 
considered one sign of an immature or dysfunctional level of 
central nervous system integration (Fiorentino, 19 73; Rider, 
19 73). Other therapists have modified their evaluation in 
response to the data suggesting a normal continuing in­
fluence of the ATNR. They attempt to assess the magnitude of 
the response elicited rather than a simple response/no 
response dichotomy (Finocchiaro, 1974; Parmenter, 1975; 
Parr et al., 1974). 
Inadequacies in the Data 
A decision on whether the asymmetric tonic neck reflex 
(ATNR) response in a child is normal or pathological is a 
difficult one. It is especially difficult due to inconsis­
tent and inadequate data on the magnitude of the ATNR response 
in normal children. For example, Parmenter (1975) found up 
to 30 degrees of elbow flexion in the "skull arm" (side 
opposite the direction of head rotation) of normal children. 
Additionally, Parr, Routh, Byrd, and McMillan (1974) found up 
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to 49 degrees of flexion normal. Vassella and Karlsson 
(1962) however, concluded that magnitude of response was not 
a sufficient criterion for judging the ATNR. They judged the 
ATNR present only when the response was consistent (repro­
ducible on successive trials). The consistency criterion re­
quires repetition of the stimulus-response situation with a 
significant percentage of reflex responses for the individual. 
Statistically, use of the mean magnitude over several repeti­
tions and study of the individual variance would be good 
criteria for consistency. Neither clinical (Fiorentino, 
1973) nor research (Rider, 1972b) evaluation of reflex func­
tion in children have utilized a criterion of consistent 
repetition. 
The lack of consistency criteria in ATNR response evalu­
ation opens the question of whether or not it is truly a re­
flex. Roberts (1967) suggested reserving the term reflex for 
a strictly defined class of responses. The distinctive 
features needed for inclusion in the class were the follow­
ing: 1. The response is not voluntary; 2. The response is 
sufficiently stereotyped as to be identifiable; 3. The 
stimulus is sufficiently clear as to be identifiable; and 
4. On presentation of the stimulus, the. response follows regu­
larly. While the first three criteria are supported by re­
search, further neurological evidence of the reflex nature 
of the ATNR would be useful in addition to measures of response 
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consistency. For example, the increased reflex response to 
increased muscle tension as described next, would be neuro­
logical evidence. 
A reflex response begins when receptors fire due to a 
specific environmental change. The impulse is conveyed to 
the central nervous system, and from there the efferent con­
nections of the nerve convey the impulse to the neuromuscular 
junction. If the stimulus is sufficient, the sustained 
tension in the muscle known as muscle tone may increase. 
Or, perhaps, a muscle contraction may occur. When the re­
flex stimulus is superimposed on a background of increased 
tension or tone, the summation of impulses at the neuro­
muscular junction will produce an increased muscular 
response. That is, with the overflow of impulses from tension 
in one part of the body, it becomes easier to produce movement 
in another part. Testing the ATNR with and without a back­
ground of muscle tension to look for a difference in the 
response would be a means of supporting the reflex classifi­
cation of the ATNR. 
Inconsistent views on whether the ATNR is present or 
not in normal children may be the result of different 
methodologies. Hellebrandt, Schade, and Cams (1962) noted 
that some testing postures are more sensitive indicators 
of the ATNR than others. For example, different testing 
postures such as the supine testing posture used by 
Florentine (1973) and Rider t 1 7 3 ) and the quadrapedal pos­
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ture used by Parr et al. (1974) and Parmenter (1975) may have 
been a factor in their different results. There are no data 
with children examining the different effects of test 
postures on the ATNR. 
Another methodological difference involves whether or 
not children have visual stimuli during testing. Parmenter's 
subjects were permitted to keep their eyes open, while Ay res 
(1972) and Parr et al. tested with eyes closed or blindfolded. 
Since the significance of a stimulus is affected by possible 
background stimulation occurring concurrently, the presence 
or absence of visual stimuli may affect the ATNR response (or 
absence of visual stimuli may affect the ATNR response) of 
children. This factor has not been studied nor controlled. 
Current research shows inadequate control over factors 
including response measures, the effect of test posture, and 
the effect of vision/no vision. More stringent control of 
these variables should occur in further investigation of the 
ATNR. Thus, better information would be available for use 
in clinical decisions affecting programs of treatment for 
children. 
Statement of the Problem 
The purpose of this study was to investigate the inci­
dence, magnitude, and consistency of the asymmetrical tonic 
neck reflex (ATNR) response in preschool children. Response 
6 
incidence and magnitude was measured by degrees of elbow 
flexion in response to head rotation. Consistency of the 
response was assessed by test repetitions. Differences due 
to age and sex were examined. The effect of different test 
postures, of a blindfold, and of added muscle tension were 
explored. 
The following are general null hypotheses for investi­
gation : 
1. There are no statistically significant differences 
in the incidence of the asymmetrical tonic neck 
reflex in preschool children due to age, sex or 
testing posture. 
2. There are no statistically significant differences 
in the magnitude of the asymmetrical tonic neck 
reflex in preschool children due to age, or sex, or 
interactions of tnese variables. 
3. There are no statistically significant differences in 
the magnitude of the asymmetrical tonic neck reflex 
in preschool children due to testing posture, a 
blindfold, or increased muscle tension. 
4. There are no statistically significant differences in 
the magnitude of the asymmetrical tonic neck reflex 
in preschool children due to repeated trials, that 
is, the response is consistent. 
Since a primary purpose of this study was to provide 
data for use in clinical evaluation of central nervous system 
dysfunction it would seem useful to investigate a group of 
children with dysfunction. Accordingly, a secondary set of 
assumptions were considered. These assumptions are: 
1. The ATNR response of cerebral palsied children does 
not vary with testing postures. 
7 
2. The ATNR response of cerebral palsied children 
does not vary from that of normal children. 
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REVIEW OF LITERATURE 
A review of literature on the asyininetrical tonic neck 
reflex (ATNR) shows a history of reoccurring periods of 
interest. Information has gradually accumulated during 
these periods, but the majority of reports are of a demon­
stration or case study nature rather than experimental. 
Much of the current literature on reflex evaluation related to 
central nervous system dysfunction treatment decisions is 
based on conclusions from descriptive literature. These 
conclusions may be inadequate because newer work, although 
of a more experimental style, still shows inadequacies in 
methodology or data analyses. 
The purpose of this review is to examine both early and 
current literature to determine which of the reported findings 
are supported and which are in need of further study. 
Animal Studies 
Peiper (196 3) reported on the classic work of Magnus 
and de Kleijn, in which a number of position and movement 
reflexes were found in decerebrate animals. One of the 
position or static reflexes, so called because the effect was 
seen as long as the stimulus was held, was the asymmetrical 
tonic neck reflex (ATNR). As described by Magnus (1924, 
1926), the proprioceptors of the neck were stimulated by 
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movement of the animal's head and served as a stimulus af­
fecting muscle tone throughout the body. Magnus (1924) 
described a general rule which applies to humans as well 
as animals. The rule states that sideward rotation of the 
head increases tension in the extensor muscles of the "jaw-
arm and -leg" (limbs on the side to which the face is turned). 
At the same time it increases tension (tone) in the flexor 
muscles of the "skul1-arm and -leg" (limbs on the opposite 
side). According to Peiper (1963), Magnus and de Kleijn sug­
gested that the receptors for the rotational stimulus were in 
the nerve distribution of cervical (c) vertebrae 1,2, and 3. 
They were not sure whether the receptors were located in the 
muscles of the neck or in the upper joints and ligaments of 
the spine. Sensory information from each of these sources 
enters at levels of the first three cervical vertebrae. 
In 1951, McCouch, Deering, and Ling performed a series of 
experiments on labyrinthectomized decerebrate cats in an at­
tempt to locate the receptors for the ATNR. They believed that 
the receptors function ipsilaterally from within the upper 
joints and ligaments of the neck. To demonstrate this hy­
pothesis, at cervical vertebrae 1, 2, and 3, the portion of 
the dorsal root of each spinal nerve which carries sensory 
information from the joints was cut. The skin and muscle 
sensory input was left intact. When the ATNR response dis­
appeared, it was concluded that the receptor sites were in 
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the joints and ligaments. 
Magnus (1924) also found the ATNR present in intact 
newborn kittens and rabbits, but he couldn't elicit it in 
adult monkeys. Roberts (1967) notes the difficulty in 
eliciting the ATNR response in an intact dog due to the 
animal's resistance to forcible head rotation. To resist 
rotation the dog reflexively uses a propping (extension) 
reaction of the limbs on the side away from which the face 
was turned, overcoming the ATNR effect and often overcoming 
the attempt to rotate the head at all. However, after re­
moval of the dog's cerebellum, and during the resultant 
temporary absence of the propping reaction, the unopposed 
neck reflex appears. 
Vassella and Karlsson (1952) suggest that manifestations 
of the ATNR's effect on intact animals readily can be ob­
served even if it is difficult to elicit through an imposed 
stimulus. They describe how a cat, turning its head toward 
its prey, automatically shifts to an ATNR position prepara­
tory to running toward the prey. 
Cohen's (1961) work, in which intact primates received 
an anaesthetic block of the sensory nerves in the cervical 1, 
2, and 3 dorsal roots, demonstrated the problems due to a 
nonfunctioning ATNR. Without the neck proprioceptive 
mechanisms the animals' movement patterns were disrupted and 
normal free movement became difficult. 
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Neonatal and Infant Studies 
Hellebrandt, Schade and Cams (1962) report that in 1921 
Minkowski found the asymmetric tonic neck reflex (ATNR) in 
20 human fetuses between two and five months gestation. 
According to Hellebrandt, et al., Minkowski considered 
the presence of the ATNR a manifestation of the fetus' 
immature nervous system. 
Studies reporting the incidence of the ATNR in neo­
nates have shown inconsistent results. Vassella and Karlsson 
(196 2) reviewed these studies and found reports ranging from 
40% to 90% of the neonates showing ATNR's. The results of 
their own investigation found that nearly 60% of 108 healthy 
neonates between the first and the sixth day of life 
demonstrated ATNR patterns, elicited when the examiner turned 
the neonates head. However, ten trials were given for each 
infant and the probability of a chance pattern was considered. 
Of 16 possible limb arrangements, 3 were consistent with the 
ATNR pattern: (1) skull-limbs flexed and jaw limbs extended; 
(2) skull-arm flexed and jaw-arm extended with both legs 
flexed; and (3) skull-leg flexed and jaw-leg extended with 
both arms flexed. The second and third patterns were ac­
cepted due to the predominance of flexed patterns in the 
neonate's extremities. Thus the probability of eliciting 
one ATNR pattern in one trial is 3/16 (p = .1875). In ten 
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independent trials, the probability of eliciting zero to 
four ATNR patterns by chance is p = .974. The probability 
of eliciting five or more ATNR patterns by chance is very low 
(p = .026) and would meet'the common standard for statistical 
significance (p _< .05) . Thus, five or more ATNR patterns 
in ten trials was used as a criterion for a consistent ATNR. 
With this consistency criterion, only 9 of 108 neonates showed 
consistent reflex patterns (8%). 
Paine, et al., (1964) supported the use of a criterion 
of consistent elicitation of the response in their study 
of 66 normal infants. Their criterion for consistency 
was six of ten trials (p = .004) . Their findings were in 
agreement with Vassella and Karlsson in that an imposable, 
consistent ATNR was rare in the first week of life. How­
ever, by the age of 1 month, Paine et al. elicited the ATNR 
to criterion consistency in 60% of the infants. A gradual 
decline in response followed and at 6 months the ATNR 
was no longer consistently el.i ci table in any of the infants. 
Magnus (19 24) reported an inability to elicit the ATNR 
in 26 healthy neonates and infants to 3% months of age. 
Magnus' criterion for the ATNR was the maintenance of the 
limb position for as long as the head was held rotated. The 
normal infants' spontaneous movements overcame the tonic 
effect of the maintained stimulus. 
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In contrast, the work of Gesell (1938) demonstrated the 
presence of the ATNR in spontaneous posture and movement to 
be almost universal in the infant. Gesell and Ames (1950) 
further demonstrated in 107 infants that at 4 weeks old, 100% 
of the infants spontaneously assumed the ATNR position. By 
20 weeks, however, 100% maintained their head in midposition 
with symmetrical responses of the extremities. Gesell noted 
that the ATNR was more difficult to elicit when an examiner 
rotated the infant's head than when the infant spontaneously 
did so. This may reflect the normal infant's resistance to 
the imposed stimulus, similar to the resistance of intact 
animal subjects. 
In summary, an obligatory, imposed, consistent ATNR 
response has not been found in neonates and infants. How­
ever, in infants between 1 month and 5 months, there is a 
good possibility of an ATNR response being demonstrated and 
then overcome by spontaneous movements. In this same age 
group, the ATNR may be recognized readily in spontaneous 
postures assumed by normal infants. 
From Magnus and de Kleijn's early description of a brain­
damaged child with an ATNR (Hellebrandt, et al. , 1962) to current 
times, the ATNR has had pathological implications. Even after 
its demonstration in normal infants it continued to be re­
garded as indicative of central nervous system (CNS) problems 
by a variety of investigators (Byers, 1938; Meyers, 1922; 
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Paine, 1964; Silver, (1952) . Gesell stated that although the 
ATNR was normal until about 6 months, it then "becomes a patho­
logic symptom if it persists. . (Gesell, 1938, p. 460). Based 
on Gesell's statement many clinical investigators have used the 
presence beyond 6 months of age of the ATNR as a significant indi­
cator of possible CNS pathology. Byers (1938) concluded that 
ATNR response to imposed head rotation in children older than 6 
months was a sign of arrested cerebral development. Peiper 
(1963) accepted the 6 month criterion as did Bobath and 
Bobath (1972) and Fiorentino (1973). Each of these authors 
included the positive ATNR as a pathologically significant 
sign if evident in a child the age of beyond G months. 
Perhaps the clearest differentiation between normal in­
fant responses and possibly abnormal ones is the more recent 
one made by Vassella and Karlsson (1962). After a thorough 
review of the neonatal/infant literature and their own well 
controlled investigation, they conclude that 
The presence of stereotyped, constantly elicitable, 
tonic neck reflexes which are essentially undis­
turbed by spontaneous activity should raise the 
suspicion of abnormality, although similar (un-
stereotyped) responses are present in normal chil­
dren of this age group (p. 365). 
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Studies of Adults and Older 
Children 
Continuation of the ATNR beyond the first 6 months of 
a child's life was considered to be a pathological indication 
until Wells (1944) demonstrated its effect in a common "parlor 
trick." The subject stood in a doorway, pressing hard 
laterally against the frame for a minute. After the sub­
ject stepped away and relaxed, his arms "levitated" into 
abduction. Turning the head produced the differences in arm 
position identified with the ATNR. Thus, under certain 
conditions, the influence of ATNR on normal adults had been 
demonstrated. 
Further data were presented in 1950 by Ikai, who used 
about 30 male subjects in each of the following age groups; 
7-8 years; 9-10 years ; 13-14 years; 15-16 years; and 21-24 
years. Each subject was seated with arms extended in front 
grasping a stick. Movement of the stick reflected slight 
changes in arm position when the subject's head was turned. 
Ikai found that when the subject was in a condition of 
"mental quietude", and the examiner turned the subject's 
head 30 degrees per half second, the ATNR was demonstrated in 
all subjects. A single trial was used in each case. Since 
only the range of scores (reflecting change in degrees of 
flexion) and an average was reported, it is difficult to 
assess the probability of the change scores being 
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significantly different from chance variation. Differences 
due to age were reported. The average change score de­
creased with increasing age. Averages ranged from 21 
degrees of change for 7-8-year-olds to 6 degrees for 21-24-year 
olds. No calculation of statistical significance of dif­
ferences was made. An added problem with such small meas­
urements (e.g., change scores as small as 2 degrees were 
recorded) exists when there was no attempt to control for 
the effect of shoulder abduction and adduction on the 
measuring device. In other words, the change scores did not 
have to be a clear reflection of elbow flexion alone. Thus it 
was difficult to fully evaluate the significance of the data 
reported by Ikai. 
Tokizane, Murao, Ogata and Kondo (1951) used electromyo­
graphic studies to demonstrate the effects of head rotation on 
the muscles of upper and lower extremities of five normal 
adults. Needle electrodes were inserted in muscles which 
were voluntarily slightly contracted. When the subject's 
head was passively rotated, the electromyographic changes were 
in the directions expected from ATNR. However, the effects 
were not strong enough to cause movement or observable 
external change. 
The latent nature of the ATNR influence in normal adults 
was also stressed by Fukuda (1961) as he examined the simi­
larity of dynamic postures in a variety of sports to the 
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underlying postural reflexes. He concluded that "the tonic 
neck reflex intensifies voluntary movements so that the 
muscle force can attain its maximum" (Fukuda, 1961, p. 20). 
The concept of ATNR as a subtle influence in movement 
of normal adults was further supported by the work of Helle-
brandt, Houtz, and Krikorian (1956) . A series of studies 
was done using 109 normal adults during exercise. The sub­
jects repeated wrist extension or flexion against varied 
resistance until fatigued. The data were handled descriptive­
ly, not quantitatively. They concluded that the ATNR in­
fluence was related to exercise in the upper extremity. 
The ATNR was unconsciously being used (under increasing 
exercise stress) in a facilitatory way, i.e., to increase the 
ease of wrist flexion or extension by rotating head position. 
In other words, rotation of the head toward the exercising 
side facilitated wrist extension exercises and rotation away 
facilitated wrist flexion. In some cases, this effect was 
only observable on final repetitions of the exercise and in 
general, the effect was greater as stress increased. 
Waterland (1967) reviewed the continuation of the 
series, which demonstrated a definite response of head posi­
tion to shoulder girdle and upper extremity position in 
exercise stress. The effect of the limb position on the head 
fit the same pattern as the effect of head on limb through 
ATNR. She further reported on a follow-up study of non-
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stressful movement (Waterland and Munson, 1964). Nine normal 
adult women performed 24-35 standardized movements. Seven 
hundred forty-one synchronous biplane photos showed that 
changes of limbs and shoulder girdle produced predictable 
head positions. 
The subtle latent influence of head-limb or limb-head 
positioning is apparent when comparing the results of 
Fukuda's (1959) vertical writing test with the results on 
the same test obtained by Waterland, Doudlah and Shambies 
(1966) . Fukuda found that a list of letters written with 
the head rotated to the right (writing hand) side showed a 
left deviation and shortening when compared to a list with 
the head neutral. Similarly rotation toward the opposite 
side produced right deviation and elongation. These results 
were found in 50-60% of subjects. The remaining cases showed 
irregular and inconsistent results. Fukuda (1961) attributed 
these results to an increase in extensor or flexor tone in 
the writing limb due to latent ATNR Influence. Waterland et 
al. more closely described their method, including the 
shoulder girdle protraction position necessary to enable 
each of the 12 subjects to position the pencil for writing. 
This protraction appeared to block effectively any subtle or 
latent ATNR effect from ipsilateral head rotation and 
consequently, 21 of 36 vertical columns of letters deviated 
slightly toward the nonwriting side rather than the half 
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to the writing side as suggested by Fukuda's hypothesis. 
They summarized by stating that tonic neck reflex influence 
on normal adults in nonstressful activity is easily blocked 
by position at the shoulder girdle. 
In review, the effect of STNR in the normal adult 
has been demonstrated by Wells (1944) in a relaxed state 
after strong isometric contraction and possibly demonstrated 
by Ikai (1950). Tokizane et al. (1951) noted minute intra­
muscular changes electromyographically which were not other­
wise observable. Fukuda (1961) felt the ATNR intensified 
voluntary movement and Hellebrandt et al. (1956) found the 
ATNR beneficial under exercise stress. Waterland (1967) 
noted that the effect of head rotation on limbs was re­
versible and thus the small ATNR influence could be blocked 
by shoulder girdle position in normal adults. Obviously, it 
was only under carefully controlled and contrived conditions 
.that the presence of ATNR in normal subjects could be detected. 
A further example of these conditions was the work of Helle­
brandt, Schade and Cams (1962). Five adult females, skilled 
in techniques of voluntary relaxation and supposedly 
capable of suppressing cortical activity, were masked and 
tested in a quiet dimly lighted room. The importance of 
passivity in the subject in evoking the response to imposed 
head turning was stressed by the authors. In addition, the 
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background tonus of the extremities was manipulated through 
positioning to enable the experimenters to elicit the ATNR. 
Five testing methods were used including the Ikai stick, 
Wells method, a quadrapedal position, a seated position and 
a supine position (the last two with arms extended to increase 
tone in upper extremities). The ATNR was evoked in all 
techniques and the authors noted that its presence was only 
demonstrable in normal adults through "refined methods of 
examination." 
Studies of Young Children 
The presence of the ATNR is accepted as normal in infants, 
and specific techniques have demonstrated its influence on 
adults. Little information is available about the ATNR in 
childhood. Silver (1952) accepted the ATNR presence in 
children over 5 years old as pathological accompaniment to 
such problems as emotional disorders, maturational lag, and 
reading disorders of children in his pediatric practice. 
More current research reports have not supported these 
observations. 
Rider (1973) investigated perceptual motor and reflex 
integration of 20 emotionally disturbed children and 23 
normal control subjects matched for sex and grade placement 
(three children did not complete the testing). The age of 
21 
the children ranged from Sh years to 12^2 years. The ATNR 
was tested as described by Fiorentino, with a single trial 
in a supine position. The absence of the reflex response was 
judged normal and its presence abnormal. None of control 
group or emotionally disturbed group responded with an ab­
normal (present) ATNR. 
Maturation as a factor in the degree of influence ex­
hibited by the ATNR was investigated by Parmenter (19 75) . 
Eighty normal first and third grade children between six and 
nine years acted as subjects. Sixteen children were identified 
by their teachers as having normal intelligence, but as being 
immature. These were termed transition children. All the 
children were tested for the ATNR by three trials in a quadra-
pedal position. However, the trials were each judged on a 
six-point ordinal scale. Scale items ranged from level one 
with muscle flexion beyond 60 degrees and loss of balance to 
level six with no flexion or visible change in muscle tone. 
The ordinal numbers labeling levels one through six were then 
treated as if they were interval or ratio data and they were 
summed over the three trials. Statistical analyses were 
done, but such analyses of ordinal data are meaningless and 
the information thus obtained has little value. Parmenter's 
discussion notes that almost all the children responded with 
either visible muscle tone change or slight elbow flexion 
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to head rotation. Third grade children sometimes straightened 
their elbow immediately after flexing it. The statistical 
analysis of nominal data provided no useful information about 
the effects of maturation on ATNR integration. 
In 1952 Silver described the presence of the ATNR in 
children with reading disorders. If these children were in 
school today they might be considered learning disabled. 
Rider (1972a,b) investigated the relationship of postural re­
flexes such as the ATNR to learning disabilities. Two 
groups of children received reflex testing. Group I contained 
38 children from a second-grade class. Group II contained 20 
children between 6 and 13 years from regular classrooms who 
had been referred to a perceptual-motor training program be­
cause of academic underachievement. A single trial test of 
the ATNR in the supine position was performed along with 
testing other postural reflexes. The presence of any of the 
reflex responses at the "brainstem level" (Fiorentino, 1973) 
including the ATNR, the symmetrical tonic neck reflex, and the 
labyrinthine reflexes, was considered to be abnormal in 
children the age of the subjects. Only .5% of this group of 
reflex responses were abnormal (present) in the normal 
second-grade children and 7% in the learning disabled 
children. With grouped data, little information about the 
ATNR was available. 
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Finocchiaro (1974) looked more closely at learning dis­
abled children. Eighteen male students (ages 6 to 10 years) 
at a school for learning disabled children were divided into 
two groups based on a postural reflex assessment. A major 
part of this assessment was evaluation of inhibition of the 
ATNR response during head rotation to the left and again 
to the right. The response was measured in three trials in a 
quadrapedal posture, on a five-point scale. Once again, the 
ordinal scale data were treated like higher level data, i.e., 
summed and statistically analyzed. The analysis thus provided 
no useful information. The identification of 12 of the sub­
jects as exhibiting postural dysfunction was based on a cri­
terion of abnormal performance on one or more of the postural 
reflexes tested. No further definition or clarification of 
the criterion for abnormality was given. These 12 experi­
mental subjects were compared with the remaining 6-member 
control group on a variety of behavioral measures. A number 
of correlations between postural reflex dysfunction and be­
havioral ratings were considered statistically significant 
at the level p = .10. 
Parr, Routh, Byrd and McMillan (1974) conducted the 
only reported investigation including preschool age children. 
At each age level between 3 years and 9 years, 6 boys and 6 
girls were tested, for a total of 84 subjects. The children 
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were tested blindfolded, in the quadrapedal position. The 
extent of the obligatory nature of the response was evaluated 
by comparing the effects of different instructions. The first 
trial was conducted while the children were told to relax, 
and during the second trial the children were to keep their 
arms straight and not let their elbows bend. Hypothetically, 
a response would be obligatory if it occurred during the 
second trial, while the child was instructed to keep his 
arm straight. Quantitative measurement of the degrees of el­
bow flexion in the skull side elbow allowed for statistical 
tests of null hypotheses of no age differences, no sex dif­
ferences, and no differences due to instructions. Age dif­
ferences were not found in the ATNR response itself, but 
were found in the total flexion of the elbow including when 
the head was in neutral position. Older children kept their 
elbows straighter even in the midline head position. Total 
flexion decreased from 3-year-olds to 6-year-olds and then 
leveled off. No sex differences were found. The different 
instructions did have an effect on elbow flexion. Flexion 
was significantly less when children were asked to keep elbows 
straight. 
However, these findings must be considered in terms of 
the limitations of the study. In the first place, only a 
single trial was used under each instructional condition. 
It is difficult to accept a single trial as a reliable 
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representative of the ATNR response in children. Second, 
the variation in elbow flexion of different age children while 
their heads were in the midline position provided a confounding 
variable. Analysis was done on change scores reflecting the 
difference in degrees of flexion between the head in midline 
and head rotated right or left. However, the effect of starting 
at different degrees of flexion was not controlled for and 
may have affected the results. Closer control of starting 
flexion would provide a more accurate measure of the change 
produced by head rotation. Optimally, a slight degree of 
elbow flexion would be ideal, for Ayres (1972) considers a 
locked elbow a sign of an attempt to avoid the effect of a 
strong ATNR response, and great variations in initial flexion 
may affect the results. An initial range of up to 10 degrees 
flexion would seem appropriate. A third limitation was that 
the measurement of elbow flexion occurred while the children 
maintained the head rotation position the examiner had pro­
duced. What is measured then is the tonic effect of the 
maintained stimulus, not the direct response to its presenta­
tion. The time lag also allows for small conscious adjust­
ments by the child, especially after being instructed to keep 
his elbow straight. A final difficulty of this technique is 
that the measuring device (the goniometer) must be rapidly 
replaced with precision in the same position where it measured 
flexion in the beginning or the change scores will be in­
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accurate. This is an extremely difficult task, even for an 
experienced therapist or researcher with skill in use of 
this instrument. Some means of assuring comparable gonio-
metric positioning for midline and rotated head position 
should be developed. 
Summary 
In 1912 Magnus and de Kleijn first observed the ATNR 
in decerebrate animals. They described the effect of head 
position on the limbs. The receptors were found to be in 
the joints and ligaments of the first three vertebrae 
(McCouch, Deering and Ling, 19 51). 
Minkowski (1921) reported the presence of the ATNR in 
fetuses, but a review of studies of neonates shows in­
consistent results (Vasella and Karlsson, 1962). Incon­
sistencies appear also in the results with infants. If, 
however, the ATNR persists beyond 6 months of age as a 
stereotyped, constantly elicitable response undisturbed by 
spontaneous activity, it is an accepted sign of neurological 
pathology. 
Research has demonstrated the influence of the ATNR in 
normal adults by many authors (Fukuda, 1959, 1961; Helle-
brandt et al., 1962; Ikai, 1950; Tokizane et al., 1951; 
Waterland, 1967; Wells, 1944). Measurement of the response 
has included electromyographic changes (Tokizane et al., 1951), 
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elbow flexion (Ikai, 1950), the effect on skilled movement 
(Waterland, Doudlah and Shambies, 1966), the effect on exercise 
performance (Hellebrandt, Houtz and Krikorian, 1956) and the 
spontaneous use in sports (Fukuda, 1959). 
Such extensive investigation has not occurred with 
young children as subjects. Authors such as Silver (1952), 
Rider (1972a, 1972b, 1973), Parmenter (1975), and Fino-
cchiaro (1974) examined the ATNR response with emotionally 
disturbed, maturational lag, or learning disabled children. 
Only Parr, Routh, Byrd and McMillan (1974) reported a develop­
mental investigation of the ATNR in children between 3 years 
and 9 years. Problems with this study support "the need for 
an adequate investigation of the ATNR in young children. 
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METHOD 
A review of literature described the data available for 
the clinical evaluation of the asymmetrical tonic neck 
reflex (ATNR). In previous studies, objectivity of assess­
ment was questioned. The present study provided an objective 
method of recording the effect of certain variables on the 
ATNR in children. Differences due to age and sex were 
considered. Repeated measures on each child allowed consider­
ation of the effect of different test postures and, within 
postures, the effect of a blindfold and of increased muscle 
tension. 
Pilot Study 
Pilot work was done with 16 children from the Child 
Development Laboratory, Iowa State University, Ames, Iowa. 
They ranged in age from 3-year-olds to 6-year-olds, with 5 
6-year-olds and the same number of 5-year-olds, 4 4-year-olds 
and 2 3-year-olds. The small number of 3-year-olds reflected 
the difficulty of maintaining their interest and coopera­
tion . 
One purpose of the pilot was to develop clear instruc­
tions and to refine methods for testing the ATNR. Another 
purpose was to test the number of repeated trials and dif­
ferent conditions which could be asked of children without 
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discouraging them, thus setting the limits for the number of 
variables which could be utilized in a repeated measures 
design. The pilot also was used to provide rough data for 
estimating the number of trials needed to get a good sample 
of reflex behavior from each child. 
Manual goniometry was used in the pilot to measure the 
degrees of left elbow flexion when the head was turned toward 
the right. Elastic bands fastened with velcro were used to 
hold a goniometer on the left arm in the standard testing 
position with the fulcrum at the lateral epicondyle of the 
humerus. The upper arm of the goniometer was placed along 
the lateral edge of the humerus and the lower arm of the 
goniometer was placed along a line midway between the radius 
and the ulna. 
Each child was positioned so that the angle of elbow 
flexion was less than ten degrees measured while the head was 
in anatomical or neutral position relative to the body. If 
the child's elbow was locked in extension, it was repositioned 
with slight flexion. The elbow flexion angle was measured 
again after the child's head was rotated to the right ap­
proximately 90 degrees. This procedure was repeated five 
times while the child knelt on hands and knees in the posi­
tion henceforth termed the quadrapedal posture (Figure 1). 
Five additional trials in the quadrapedal posture were 
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Figure 1. The quadrapedal test posture 
Figure 2. The blindfold 
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while the" child was blindfolded (Figure 2) to correct for visual 
stimuli. Also, the head turning procedure was repeated five times 
while the child was lying on his back in what will be termed the 
supine posture (Figure 3). Five additional trials in the supine 
posture included a request for the child to squeeze a dynomo-
meter in the right hand to produce overflow tension on the 
left arm. Pictures, a pirate hat, and stories were used to 
encourage the child to participate throughout the repeated 
measures. 
Data were in the form of change scores determined by 
subtracting the initial limit of ten degrees of flexion from 
the measure of flexion after head rotation. There were a 
large number of zero change scores (including all final scores 
under ten degrees) and many small change scores due to sub­
tracting the full ten degrees even if the starting position 
was flexed less than that. It was evident from the pilot 
study that more accurate initial readings were needed if pre­
cise measurement of small changes was desired. 
Even with the limits described, the data from the pilot 
study showed trends suggestive of age differences. Strong 
differences due to testing postures were evident in the raw 
data. Little change due to overflow tension or use of the 
blindfold was evident. A problem arose in attempts to produce 
tension through squeezing the dynamometer in one hand. The 
problem was that the children focused on the effort of 
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Figure 4. The supine posture with increased tension 
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squeezing and attempted to move the arm being measured across 
to help the other hand squeeze harder. An alternative method 
of producing tension was needed. As an alternative tension 
condition the child in supine posture was moved further down 
on the mat and table until his legs hung over the edge but 
the hips, trunk, and head remained supported. The child was 
asked to raise his legs until level with his body and hold 
them there during a head rotation (Figure 4). Legs were 
rested between trials. Indications of increased body tension 
suggested that leg raising was an adequate method and this 
method for inducing tension was incorporated into subsequent 
testing. 
As a result of the pilot study, it became apparent that 
the instructions and game-like quality encouraged most chil­
dren to participate willingly under about three repetitions 
of each condition and that this would provide a relatively 
stable sample of their ATNR response. 
In addition to difficulty in accurately reading the gonio­
meter just before head rotation, the quick reading needed 
after head rotation produced inaccurate results. Two occu­
pational therapists, experienced in the clinical use of the 
goniometer, agreed that accuracy within about five degrees 
would be the best obtainable using a visual reading of the 
goniometer. Another measurement problem was the lack of 
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accurate information about the amount of head rotation used as 
the stimulus. Although a goal of approximately 90 degrees 
lateral rotation was set, the actual rotation depended upon 
the point at which resistance to further rotation occurred. 
There was no goniometric device for measuring degrees of head 
rotation to standardize the amount of rotation across chil­
dren. Therefore, the manual goniometric method of measure­
ment was judged to be too incomplete and inaccurate for re­
search use. 
According to Adrian (1968) electrogoniometry provides 
a more accurate and convenient analysis of movement than the 
manual goniometric method. Electrogoniometric equipment 
consists of a goniometer with a linear potentiometer substi­
tuted for the protractor at the fulcrum of the goniometer. 
The potentiometer measures change in electrical resistance 
when the arm of the goniometer moves as the joint angle 
changes. The electrogoniometer is wired to a control panel 
and then to a device which records, by pen movement over 
graph paper, the changes in electrical voltage. The voltage 
changes produce lines which can be read from the paper as 
degrees of movement. An electrogoniometer to measure the 
angle of head rotation was developed by using a pendular 
potentiometer. A pendulum acts as the moveable arm of the 
goniometer and measures change when the child's head is 
turned. This device, when in a vertical plane, responds to 
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rotation of the child's head up to one hundred degrees to the 
right and the left. Through use of these electrogoniometric 
devices a more accurate and permanent record was obtained 
than was possible with clinical manual goniometric methods. 
Subjects 
Subjects for the study were 40 children from preschools 
and daycare centers in Ames, Iowa. Ten male and ten female 
3-year-olds and the same number of male and female 5-year-
olds participated. The mean ages were 3 years, 6 months and 5 
years, 4 months. Subjects were all considered to have a 
normal level of maturation for their age as demonstrated by 
their performance on the Denver Developmental Screening Test 
(DDST) (Frankenburg, Dodds, Fandal, Kazuk andCohrs, 1975). Three 
potential subjects refused to participate in the screening 
and thus were not used. Six subjects, a 5-year-old and 5 
3-year-olds, refused to participate in the ATNR test se­
quence after screening. Although they did not verbalize 
reasons clearly, they seemed to react negatively to having 
the equipment strapped to their heads and their arms. Each 
received the paper hat just as did subjects who completed 
the series of measures, but none of the partial data col­
lected from them was utilized in the study. 
In addition, data were obtained from some cerebral 
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palsied children. Cerebral palsied subjects were eight stu­
dents àt Smouse School for physically handicapped children in 
Des Moines, Iowa. Two male and two female 6-year-olds and the 
same number of 7-year-olds participated. All eight children 
had a primary diagnosis of spastic cerebral palsy. The DDST 
was not administered to these children since their ages were 
at or beyond the ceiling of the test, the test norms were not 
applicable to handicapped children, and recent end-of-the-
school-year evaluation offered comparable information. All 
participated in the entire test sequence as much as was 
physically possible, and each received a paper hat. 
Screening 
The DDST (Frankenburg et al., 19 75) was used as a 
screening measure of normal maturation level. The DDST was 
chosen because its main purpose is to act as a screening 
device with well children. It sorts out those with a high 
probability of developmental impairment. The test was 
standardized on 1,036 normal Denver children representing a 
cross-section of ages from two weeks to six years. The 
sample reflected the racio-ethnic and occupational charac­
teristics of the Denver population. Test-retest re­
liability was 95.8% and inter-rater reliability was 90% 
(Frankenburg, et al., 1975, p. 62). There was a high degree 
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of agreement between DDST ratings (normal, questionable, ab­
normal) of 236 children and their quotients on the Stanford-
Binet and the Bayley. Using the rating of abnormal and 
quotients below 70 for comparison resulted in a co-positive 
agreement between the DDST and the Stanford-Binet and Bayley 
of .73, and a co-negative agreement of .92 (Frankenburg, 
et al., 1975, p. 62), In general the ease of administration 
and brevity of the DDST makes it an excellent screening de­
vice . 
Each subject was administered the language sector, the 
gross motor sector, and the fine motor-adaptive sector of the 
DDST. The personal-social sector was not used since it 
relies strongly on observation or parental report rather than 
on administered items. 
The DDST was not administered to the cerebral palsied 
children since their ages were at or beyond the test ceiling, 
the norms were not appropriate for a handicapped sample, and 
school records offered similar information. From student 
records it was evident that none of the children could pass 
any item intersecting the 6-year-old age line on the gross-
motor sector of the DDST. At least two delays were also 
evident for each child in that same sector. If the DDST had 
been administered with the results described above, the 
interpretation would have been that the childrens ' response 
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to the DDST was abnormal (Frankenburg, et al., 1975, p. 12). 
Equipment and Test Materials 
Electrogoniometers were developed for this study 
(Appendix A). Potentiometers were built into goniometers for 
the left and right elbows of the children. Elastic and velcro 
straps were made to fasten them above and below the elbow 
joint. The pendular potentiometer was attached to a child's 
hat and could be fastened securely under the subject's chin 
with an elastic and velcro strap. The hat fit when it was turned 
backwards so the pendulum pointed down when the child was in 
the supine posture as well as in the quadrapedal posture. An 
X-Y plotter was used to record the movement of the head and 
arm as signaled by current changes from the potentiometers. 
Head rotation was recorded by pen movement as a line to the 
right or left of the middle of the X-axis of a sheet of graph 
paper. Flexion of one elbow at a time was recorded on the 
Y-axis. For example, when the child's head was rotated to 
the right, the pen moved and a line was drawn to the right 
from the midpoint of the X-axis. At'the same time, any 
flexion of the left elbow raised the pen line along the Y-
axis. With rotation of the child's head to the left, the 
movement of the right elbow was recorded by a line moving 
upward and to the left of the middle of the paper. 
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Red or black felt tip pens recorded the combined head 
and elbow movement on graph paper (10 squares x 10 squares to 
the ^ inch square) and regular calibration of the goniometers 
allowed accurate reading of one degree of movement to each 
square on both axes of the graph. The midpoint of the X-
axis marked 0 degrees rotation (neutral head position) and 
90 degrees right rotation caused the pen to move 90 squares 
to the right. Rotation to the left moved the pen the correct 
number of squares to the left of the midpoint, corresponding 
to degrees of rotation. Flexion in the arm moved the pen 
from the zero point at the bottom of the y-axis upward the 
number of squares corresponding to the degrees of elbow 
flexion 
A trained assistant was used to aid in calibration of the 
equipment, to change pens on repeated trials (first trial in 
red, second in black), to change sheets of graph paper re­
cording each different test condition, to adjust the controls 
recording left or right arm movement concurrent with the 
appropriate direction of head rotation, and to announce the 
randomized order for postures and for direction of head 
rotation. 
Other materials used with the children themselves in­
cluded the colorful paper crowns and pirate hats they received 
for participating. Bright paper animals (monkey, beaver, bird) 
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were placed to the left, right, and center of the child's view 
and were used as reasons for the head rotation ("Let's look 
at happy Mr. Monkey now!"). The child was tested on an 
exercise mat covering a low table, enabling the examiner 
to more easily position him under all conditions including 
leg raising in the supine posture. 
Procedure 
Each child was screened and tested individually within 
their preschool center in an area assigned temporarily for 
the examiner's use. Although parental written permission for 
each child's participation was required (Appendix B), the 
child's voluntary participation was also necessary or the 
child was not used as a subject. A choice of the pirate's 
hat or crown was offered and the child's choice was set 
nearby until "we are all finished." After administering the 
DDST, the child was tested for the asymmetrical tonic neck 
reflex (ATNR) under four treatments (supine-relaxed, supine-
added tension, quadrapedal-no blindfold, quadrapedal-
blindfolded) in a predetermined but random order. Four 
repetitions (twice with the child's head rotated toward the 
right and twice toward the left) were also in a predetermined 
randomized order. 
In the supine posture, the child lay on his back, with 
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arms straight, hands resting palm down about six inches from 
the hips. When tension was added in this posture, the 
child's body was moved down until the legs hung over the 
table edge with the hips, trunk, and head still supported. 
The child was asked to raise his legs up even with the table 
and hold them there. The examiner then rotated the child's 
head. The legs were lowered briefly until the next repeti­
tion . 
The quadrapedal posture consisted of the child kneeling 
on hands and knees, with body weight evenly distributed. 
Arms and legs were parallel to each other and formed right 
angles with the mat. The head was in neutral position with 
the face parallel to the mat. Under the blindfold condition 
a sleeping mask was added to cover the child's eyes. 
The cerebral palsied children were tested individually 
after parental permission (Appendix B) was obtained. After 
offering a choice of paper hats, the child was tested for the 
ATNR with four trials in each of two test postures. (The 
measures for tension and blindfold were not used.) Random 
ordering of direction of head turning sequence and test 
posture sequence was not used. With this group of subjects, 
simply assuming the test posture often took the experi­
menter's and school therapy staff assistance, so that a 
standard sequence (Supine; Left trial 1, Left trial 2, 
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Right trial 1, Right trial 2; Quadrapedal; Left trial 1, etc.) 
was necessary to coordinate all efforts. It was not always 
possible to have the elbow positioned within 10 degrees of 
flexion when the child's head was in neutral position. 
Usually, flexor spasticity maintained some elbow flexion 
even when the child was at rest. The experimenter and 
school therapy staff judged when the child appeared as 
relaxed as possible, reducing flexion to the minimum for the 
individual. Head rotation began at that time. 
In all other ways the test procedure was the same as 
that with the normal subjects. 
Analysis 
The responses of each subject to the test procedures were 
recorded on four sheets of graph paper, each containing a red 
and a black line on both the right and the left half of the 
graph. The number of squares above zero on the y-axis at 
the middle of the graph was read as degrees of flexion in 
the starting position. The degrees of flexion at the end of 
head rotation were read from the number of squares above zero 
at the end of the line. The difference in degrees of flexion 
from the starting to the end of head rotation was considered 
to be a change score for that trial. Each line produced one 
change score measuring the magnitude of the response to the 
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stimulus for that trial. 
Change scores were the dependent variables in the 
analysis of variance testing the null hypotheses of no dif­
ference due to age and sex. Analysis of variance also was 
used to test the null hypotheses of no differences among 
the within subject variables of posture, tension, blindfold, 
direction of head rotation, and repetitions. First, second, 
and third order interactions of the between and within 
subject variables were included. Partial correlation 
coefficients were computed for first and second trials under 
each test condition, derived from a pooled within age and 
sex variance-covariance matrix. The probability levels used 
to determine the significance of F-values and correlation 
coefficients were p £ .05 for statistically significant 
differences and p _< .01 for highly statistically significant 
differences. 
The limited sample of cerebral palsied children and the 
variety of extent and severity of their handicap precluded 
statistical analysis of their data. Visual examination of 
the two graphs produced for each subject and of the raw 
change scores was used to analyze the data. 
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RESULTS 
The major concerns of this study were the incidence, 
magnitude, and consistency of the asymmetrical tonic neck 
reflex (ATNR) response in children. The effects of between 
subject independent variables of age (3-year-olds, 5-year-
olds) and sex upon the ATNR, and the effects of within 
subject independent variables of test posture (supine, 
quadrapedal), added tension, blindfold, direction of head 
turning, and repetition were investigated. The ATNR was 
measured by recording the change in elbow flexion when the 
child's head was turned right or left from a beginning 
neutral position. Electrogoniometers and an X-Y plotter 
provided an accurate and permanent record of each child's 
response over 16 trials. The difference in degrees of flexion 
in the elbow before and after head rotation was the raw change 
score. 
Change scores were used to form a measure of a dependent 
variable called incidence of ATNR response, that is, the 
number of trials in which the change score was greater than 
0 degrees of flexion. Differences in incidence due to age, 
sex, or test posture were analyzed by use of t-tests. The 
results of the analysis of incidence of ATNR responses are 
reported first, and other results follow in the same order 
as the stated null hypotheses. 
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Raw change scores were used to measure the dependent 
variable called magnitude of response. Initially, the data 
were transformed by using the sine of the angle described by 
the change score. The purpose of the transformation was to 
improve the homogeneity of variance between the two test 
postures. When analyses of transformed and untransformed data 
were compared, the effectiveness of the transformation had 
been minimized by the size of the differences noted between 
test postures. Thus, the result of analysis of variance on 
untransformed change scores was as acceptable as that on 
transformed data, and the untransformed data results are 
reported. 
Analysis of variance was used to test for the effects of 
the independent variables on the magnitude of the ATNR 
response. First, the effects of the between subject variables, 
age and sex, are reported. Next, the combined effects of test 
postures, tension, and blindfold were considered at four 
treatment levels (supine-relaxed, supine-tense, quadrapedal-
no blindfold, quadrapedal-blindfold) and the effect of treat­
ments was reported. The treatments were then considered as 
separate variables, and the individual effects of test 
posture, added tension, and blindfold are reported next. 
The effect of a control variable, direction of head turning, 
was also considered by analysis of variance, and it is the 
last factor affecting magnitude of the ATNR to be reported. 
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The consistency (reliability) of the ATNR response was 
evaluated through repeated trials of each test condition. 
The analysis of variance, which treated repetition as a 
factor as well as interactions with the other independent 
variables, allowed one to assess the consistency of meas­
urement as average reliability across subjects. Intraclass 
correlations were computed and are reported as a further 
measure of consistency for a single trial and for all 16 
trials of the ATNR response. Partial correlation coeffi­
cients are reported, derived from a pooled-within age and sex 
variance-covariance matrix, for reliability between first and 
second trials under each test condition. 
Incidence of the ATNR Response 
The incidence of the ATNR response was measured by 
counting the number of trials (with eight possible in each test 
posture) in which the change score was greater than zero 
degrees of flexion. The incidence for each subject was a 
number from zero to eight for each of the two testing 
postures. Subjects scores were then grouped by age and a 
mean incidence for each age group was calculated. Differences 
in means between ages, sexes, and test postures were analyzed 
by t-tests. As Table 1 indicates, no statistically signifi­
cant differences were found in any of the variables. The 
incidence of ATNR responses was not significantly different 
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Table 1. t-scores for incidence of ATNR by age, sex and 
test postures 
Comparison Mean incidence t^g 
Age 
3 year-olds 7.350 .66 
5 year-olds 7.125 
Sex , 
Males 7.475 .25^ 
Females 7.000 
Test Posture , 
Supine 6.850 .46 
Quadrapedal 7.625 
Note: Highest possible incidence was eight 
^Pooled variance t-test formula. 
^Separate variance t-test formula. 
for 5-year-olds than for 3-year-olds, for boys or girls, nor 
for supine or quadrapedal testing postures. 
Of eight trials, the incidence of the ATNR response was 
found to be lowest for the supine posture (6.8) and highest 
for the quadrapedal posture (7.6). Both test postures with 
all age groups on the average elicited a high number of ATNR 
responses in eight trials. The null hypothesis of no 
significant difference in incidence due to age, sex, or test 
posture failed to be rejected. 
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Magnitude of the ATNR Response 
The F-values calculated through analysis of variance 
indicating the differences in mean magnitude of the ATNR due 
to between subject and within subject variables are reported 
in Table 2 and will be presented next. 
Analysis of variance of the mean magnitude (degrees) of 
flexion responses to the ATNR determined the effect due to 
age (3-year-olds, 5-year-olds) and sex. Appendix B presents 
the summary of the ANOVA for these variables. A statistically 
significant (p £ .05) difference in means due to age was 
found. The difference due to sex was not statistically 
significant. The interaction between the two variables 
was not statistically significant. The F-values for these 
differences are in Table 2. 
Figure 5 displays the relationship of the mean magni­
tude of ATNR response between the variables of age and sex. 
The means for 5-year-olds relative to 3-year-olds and of 
girls relative to boys were both lower but there were no 
significant sex differences. The age difference, however, 
was statistically significant. The null hypothesis re­
garding the magnitude of the ATNR response was rejected with 
respect to differences due to age, but failed to be re­
jected with respect to differences due to sex or to inter­
actions of these variables. 
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Table 2. F-values for mean difference in magnitude of ATNR 
Source df F 
Age (A) 1 5.49301* 
Sex (B) 1 3.57275 
A X B 1 0.05424 
Sub ject (s ) /A&B 36 
Treatment (T) 3 70.61214** 
A X T 3 0.941409 
B X T 3 0.4 3381 
A X B X T 3 2.21746 
T X S/A&B 108 
Test Posture (C) 1 110.7469** 
A X C 1 1.4772 
B X C 1 0.0646 
A X B X C 1 0.5815 
C X S/A&B 36 
Direction of 
Head Turn (D) 1 0.47913 
A X D 1 2.52303 
B X D 1 2.02910 
A X B xD 1 0.10046 
D X S/A&B 36 
Tension (F) 6 .99949* 
A X F 1 0.23233 
B X F 1 5 .33570* 
A X B X F 1 0.42369 
F X S/A&B 36 
Blindfold (G) 1.37063 
A X G 1 0 .00615 
B X G 1 0.76362 
A X B X G 1 5.35213* 
G X S/A&B 36 
Repetition (E) 1.19721 
A X E 1 0.00795 
B X E 1 2.32176 
A X B X E 1 0 .91467 
E X S/A&B 36 
p (F^ gg ^ 4.11) = .05. 
p (F^ 25 1 7-39) = .01, p (F^ > 3.08) = .01. 
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Figure 5. Mean magnitude of ATNR response by age and sex 
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When the mean magnitude of responses was considered un­
der the four treatments (supine-relaxed, supine-tense, 
quadrapedal-no blindfold, quadrapedal-blindfold) which com­
bined the variables of test posture, tension, and blindfold, 
highly statistically significant (p _< .01) differences be­
tween treatments were found. The analysis of variance for 
the effects of the four treatments and interactions with 
other variables is summarized in Appendix C. The F-values 
for treatments and interactions are listed in Table 2. The 
size of the F for the main effect of treatment is especially 
noticeable in comparison to the very small F-values for the 
interactions, none of which were statistically significant. 
Figure 6 displays the mean magnitude of the ATNR response 
for each treatment. The size of the difference between the 
two treatments in the supine posture and the two treatments 
in the quadrapedal posture suggest that the confounding ef­
fects of tension (within the supine posture) or blindfold 
(within the quadrapedal posture) would be slight. Thus, the 
three variables, test posture, tension, and blindfold, were 
considered individually as they were in the statement of null 
hypotheses. 
When considered separately, the effects of test posture 
(supine, quadrapedal) produced a highly statistically sig­
nificant (p < .01) F-value, as seen in Table 2. The mean 
Quadrapedal Quadrapedal 
no blindfold blindfold 
Figure 6. Mean magnitude of ATNR response by treatment 
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magnitude of ATNR response for each posture is displayed 
in Figure 7. The size of the difference between the means 
illustrates the statistical reason for rejecting the null 
hypothesis with respect to differences due to test posture. 
There were no significant interactions between test postures 
and the variables of age and sex, as indicated by the F-
values in Table 2. The analysis of variance for the effects 
of test posture and interactions is summarized in Appendix D. 
30 -
Supine Quadrapedal 
Figure 7. Mean magnitude of ATNR response by test posture 
54 
The variable of tension was investigated using trials in 
the supine posture. This variable was included as a measure 
of the true reflex nature of the ATNR response. The analysis 
of variance yielded a statistically significant (p < .05) 
F-value/ as seen in Table 2, for the effect of added tension 
upon mean elbow flexion with the ATNR. The increase due to 
tension can be seen in the first two means displayed in 
Figure 6. The null hypothesis of no difference in the magni­
tude of the ATNR relative to added tension was rejected. 
The analysis of the tension variable is summarized in 
Appendix E, including the statistically significant F-value 
for the interaction of sex and tension, which is also noted 
in Table 2. The difference between the boys' response to 
added tension and that of the girls is illustrated in 
Figure 8. While the boys' mean elbow flexion increased 
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several degrees with added tension, the girls' mean responses 
changed only slightly with added tension in the supine posture. 
However, this interaction should be interpreted cautiously. 
Measurement of degrees of flexion is an attempt to measure 
a central nervous system process. It is a behavioral repre­
sentation of the inner process and cannot exactly reflect that 
process. Thus, interval properties should not be attributed 
to this measure when describing the relationship between 
variables. For example, a monotonie relationship such as 
this between tension and flexion, which occurs for both sexes, 
apparently unequally, could become statistically insignifi­
cant under a transformation of the data (Winer, 1962, p. 220) . 
Thus, as noted above, cautious interpretation of this particu­
lar interaction is appropriate. 
In the quadrapedal posture, the effect of a blindfold 
was measured. Appendix F presents the summary of the analysis 
of variance for this variable. There was no statistically 
significant F-value for the main effect noted in Table 2, 
thus the null hypothesis respecting no difference due to a 
blindfold failed to be rejected. There was, however a 
statistically significant (p < .05) interaction between the 
variables of age, sex, and blindfold, which is noted in Table 
2. Figure 9 illustrates this interaction. Within the 3-
year-olds, males increased flexion with a blindfold and fe­
males decreased elbow flexion. In the 5-year-olds, boys and 
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Figure 9. Mean magnitude of ATNR by blindfold, age, and sex 
girls responded with change in the opposite direction from 
each other. Unlike the previous monotonie interaction, this 
one could not be eliminated by a scale transformation. 
One further variable was included in the analysis of 
variance. The direction of head turning (left, right) was 
considered to be a nuisance variable which needed to be con­
trolled. After a randomly sequenced order, and considera­
tion of the effect through analysis of variance, statistical 
tests yielded no significant difference between mean degrees 
of elbow flexion when the dire-tion of head turning varied. 
Appendix C includes the analysis of variance for the direction 
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of head turning and Table 2 displays the F-values. The null 
hypothesis regarding differences in direction of head turning 
failed to be rejected. 
Consistency of the ATNR Response 
The consistency (reliability) of the ATNR was measured 
by two repetitions of each test condition. Analysis of vari­
ance considered the variable of repetition across test condi­
tions, and interactions with each of the other independent 
variables which combined to produce the test conditions. The 
results measure consistency across all test conditions. The 
summary in Appendix B and F-values in Table 2 indicate no 
statistically significant effects or interactions. In 
other words, no differences were found between first and 
second trials. The null hypothesis of no difference due to 
repetition failed to be rejected. 
Intraclass correlation coefficients (r_) were calculated 
—1 
to find the average reliability of a single trial and the 
reliability of all 16 trials. These correlations are re­
ported in Table 3 and both are highly statistically significant 
(p < .01). Partial correlation coefficients (partialing 
out age and sex) are reported in Table 4, comparing the first 
and second trial under each of the test conditions. All were 
highly statistically significant, strongly supporting the 
reliability of the ATNR over repeated trials. 
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Table 3. Intraclass correlations for reliability of the ATNR 
r 
Across all trials .875** 
Average for a single trial .305** 
p f r _> .115) = .01. 
Table 4. Partial correlation coefficients for first and 
second trials by test condition for the ATNR 
Test Posture Added 
Tension Blindfold 
Direction of 
Head Turn r* 
Supine No Left .8350** 
Supine No Right .6932** 
Supine Yes Left .9413** 
Supine Yes Right .5908** 
Quadrapedal No Left .6518** 
Quadrapedal No Ri ght .5726** 
Quadrapedal Yes Left .5364** 
Quadrapedal Yes Ri ght .5765** 
a 
-E-,Ep.A 
B = Sex. 
g where = Trial 1, = Trial 2, A = Age, 
* * 
p (two-•tailed r > .418) = .01 
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Results for Cerebral Palsied Subjects 
Visual examination of the two graphs (one for supine and 
one for quadrapedal posture) and the raw change scores for 
each cerebral palsied subject suggested certain trends in the 
data. As the data in Appendix G illustrate, age and sex 
differences did not seem to have any patterned effect on the 
subjects' responses to the ATNR. However, consideration of 
the severity and extent of the impairment of the cerebral 
palsied subjects as in Appendix H seemed more fruitful. 
Figure 10 displays the change scores for three subjects 
with severe spastic quadraplegic (affecting all four limbs) 
cerebral palsy. Their scores in the supine posture were far 
greater than the means for normal younger children in either 
posture. In two cases, the flexion response was so strong 
that only one trial was given, in order to avoid an extension 
spasm. (The school therapy staff suggested this trauma might 
be the rebound result of further repetition.) One of these 
subjects was unable to assume the quadrapedal posture due to 
increased flexion responses to the symmetrical tonic neck 
reflex when he lowered his head to look at the floor. Both 
of the remaining subjects tried to use the symmetrical tonic 
neck reflex to maintain the quadrapedal posture by tipping 
the head back to produce extension in the upper extremities. 
When the head was maintained in a position with the face 
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parallel to the floor, to neutralize the symmetrical tonic 
neck reflex, the elbows were locked in extension. They were 
not able to maintain the slight flexion needed to allow the 
ATNR response to occur in the quadrapedal test posture. 
This elbow locked response was placed high on the graph in 
Figure 10. If elbow locking protects a child from falling 
face down as a result of eliciting a very great ATNR response, 
then this placement is appropriate. In general, the place­
ment of elbow locking responses as above seemed to fit the 
pattern of response as illustrated by Figures 10, 11 and 12. 
One subject with moderate spastic quadraplegic cerebral 
palsy had change scores illustrated in Figure 11. Slight 
responses in the supine posture were compared to the high 
change scores in the quadrapedal posture when the head was 
turned toward the left. When the head was turned toward the 
right in the quadrapedal posture, the left elbow locked and 
thus was blocked from responding to the ATNR stimulus. 
Change scores for two subjects with mild spastic hémi­
plégie cerebral palsy are presented in Figure 12. The 
response in the supine posture was similar to that of the 
normal subjects. Response to the quadrapedal test posture 
reflects the effect of the hemiplegia. When the head was 
rotated toward the less affected side of the body, the elbow 
on the affected side showed a far greater response than when 
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the head rotation is reversed. For example, the right 
hemiplegia child showed a large response during trials 
rotating the head toward the left and the left hemiplegia 
locked the affected elbow to prevent the response when the 
head was rotated to the right. 
Figure 13 presents the change scores for two spastic 
paraplegic (affecting the lower extremities) cerebral palsied 
subjects. The elbow flexion responses of these two could be 
exchanged with those of two normal subjects, with their mild 
response to the ATNR. 
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The limited evidence from this sample of cerebral palsied 
children indicated that, for these children, the assumption 
that the ATNR response does not vary with testing posture 
could not be supported. As far as inspection of the data could 
suggest, the difference between test postures was in the same 
direction as with normal children, e.g., the ATNR response is 
greater in the quadrapedal test posture than in the supine. 
The second assumption, that the response of the cerebral 
palsied children would not vary from that of normal children 
had mixed support. The results seemed to vary with the extent 
and severity of the cerebral palsy. More severely and ex­
tensively affected children in this sample showed much greater 
ATNR responses and occasional locked elbows to avoid the 
response. Other less affected children showed ATNR responses 
similar to those of the normal children. 
Summary 
The incidence of the ATNR response was not significantly 
affected by age, sex, or test posture differences. Magnitude 
of the response was, however, significantly different due to 
the effects of age and highly significant differences were 
found between treatments. The major difference lay between 
the two test postures, and after this variable was analyzed, 
highly significant differences were reported. 
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In the supine posture, the addition of muscle tension in 
the child produced statistically significant increases in the 
magnitude of the ATNR. Boys had significantly greater in­
creases than the girls. Blindfolds added in the quadrapedal 
test posture did not have an overall significant effect, but 
did show statistically significant interactions with age and 
sex. The response of each sex to the blindfold differed at 
different ages. The direction of head turning did not have 
a significant effect on the ATNR response. 
The consistency of the ATNR response was reported across 
individuals and test conditions. No statistically signifi­
cant difference was found between first and second trials 
across all 16 trials or for the average trial. Partial 
correlation coefficients between the first and second trial 
of each test condition (partialing out age and sex dif­
ferences) were highly significant. 
The results of testing cerebral palsied children for the 
ATNR in four trial in two postures' were analyzed through 
visual inspection of change scores. Age and sex did not 
appear to differentiate, but severity and extent of the 
cerebral palsy did seem to affect the ATNR response. The 
more severe and extensive the involvement, the greater the 
response generally appeared to be. 
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DISCUSSION 
The primary purpose of this study was to investigate the 
incidence, magnitude, and consistency of the asymmetrical 
tonic neck reflex (ATNR) response in children. The effects 
of age, sex, and test postures on the incidence of the ATNR, 
the effects of age, sex, and test postures on the magnitude 
of the ATNR response, and the consistency (reliability) of 
the response on repeated trials were studied. The results 
of the data analysis have been reported, and they will be 
discussed along with implications of the findings, limita­
tions of this study and suggestions for future research. 
Incidence of the ATNR Response 
In the literature, research data were not available 
describing the incidence of the ATNR in normal young children. 
Estimates included the traditional view that the response 
does not occur after 6 months of age. Other estimates are 
based on findings from research with older children, including 
Parmenter's (1975) work in which almost all 80 subjects 
between 6 years and 9 years old were reported to have shown 
the ATNR response during several trials in the quadrapedal 
posture. However, when a single trial in the supine posture 
was used in Rider's (1973) study, no ATNR response was noted 
in any of the 43 children between and 12% years old. 
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The results of this study support the view that some 
degree of ATNR response occurs in normal 3-year-old and 5-
year-old boys and girls. It was intended that the repeated 
trials, two postures, and improved measurement (electrogonio-
metry) used in this study would produce more accurate in­
formation about the incidence of the ATNR. There were no 
significant differences between age groups, sexes or test 
postures in mean incidence. Of eight possible trials, the 
lowest mean incidence of ATNR responses was 6.85. Both 
supine and quadrapedal test postures produced an ATNR 
response, in boys and girls and in the 3-year-old and the 
5-year-old age groups. Thus the clinical tradition 
exemplified by Fiorentino (1973), Rider (1972a,b, 1973), 
and Finocchiaro (19 74), of labeling the presence of the ATNR 
response abnormal in young children appears incorrect. The 
results of this study support the need for more precise 
examination of the ATNR response before it could be 
considered anything but normal in young children. Perhaps 
the magnitude of the response would be a factor for clinical 
differentiation. 
69 
Magnitude of the ATNR Response 
The results of the analysis of variance of age and sex 
on mean flexion response to the ATNR indicated a statistically 
significant difference between age groups, but not between 
sexes. In the data, the decrease in response between 3-year-
olds and 5-year-olds is evident. Although not reaching 
statistical significance, the difference between the boys' 
greater response and the girls' lesser one is also evident. 
The effect of maturation on the ATNR may not be total inhibi­
tion of the response as traditionalists have suggested, but 
may be a gradual decrease in the magnitude of the response. 
Parr, Routh, Byrd and McMillan (1974) did not find age 
differences in children's response to the ATNR, but they did 
not control for starting position of children's elbows. They 
did find age differences in over-all elbow flexion, that is, 
young children had their elbows more flexed than older 
children when their heads were in neutral position. After 
this study controlled the starting position to less than 10 
degrees of elbow flexion, the age differences in response be­
came apparent. The trend of the differences between the sexes 
also suggest maturational differences reflecting those seen in 
measures such as skeletal age. The boys' responses were 
greater than those of the girls at the 3-year-old and the 5-
year-old level, although not different enough to reach 
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statistical significance. 
Further results of the data analysis indicated signifi­
cant treatment (supine-relaxed, supine-tense, guadrapedal-
no blindfold, quadrapedal-blindfold) effects on the magni­
tude of the ATNR response. It appeared also, that the 
major difference lay between test postures. Further analysis 
illustrated the finding that response to the ATNR stimulus is 
affectéd by the test posture. The mean response in the 
supine posture was only 6 degrees of elbow flexion, while 
the mean response in the quadrapedal posture was 29 degrees 
of flexion. These findings are in contrast to traditional 
expectations for the ATNR response magnitude. 
In one traditional view, Florentine (1973) stated, re­
garding the response in the supine posture, "Positive reac­
tions after six months of age may be one indication of de­
layed reflexive maturation" (p. 14). Although a mean of 6 
degrees of flexion response is not great, it certainly 
demonstrates that 40 normal children regularly showed 
positive ATNR responses in the supine posture. 
Parr, et al. (1974) found mean ATNR responses in the 
quadrapedal posture (3-year-olds to 9-year-olds) of 17 
degrees when the direction of head rotation was toward the 
right and 18 degrees when the head was rotated toward the 
left. The results of this study found an overall mean in 
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the quadrapedal posture of 29 degrees of elbow flexion. 
The mean ATNR response during head rotation toward the right 
was 27 degrees and during rotation toward the left was 30 
degrees. The larger means found in this study may reflect the 
more accurate measurement technique used, but may also re­
flect the age difference between this sample and that of 
Parr, et al. Noting that the mean flexion response for 3-
year-olds was 33 degrees and for 5-year-olds was 24 degrees, 
one could project a decrease through 7-and 9—year-olds which 
would produce an overall mean such as Parr et al. found. 
The size of the difference between mean responses in 
the supine and in the quadrapedal postures suggests that the 
two be considered separate, nonequivalent measures of the 
ATNR. It would seem wiser if clinical practitioners would 
no longer report the measurement of the ATNR without noting 
the test posture used to elicit the response. The reason 
for the difference in response is, however, open to con­
jecture. 
One possible explanation for the increased response in 
the quadrapedal test posture is the increase in muscle tension 
due to the contraction of both flexor and extensor muscle 
groups of the arm to stabilize and support the body in this 
posture. This increased tension should produce a neurological 
overflow which would respond to a reflex stimulus. To 
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further investigate the effect of added tension on the ATNR 
response as a measure of its reflex nature, muscle tension 
was increased in the supine posture by requiring the child 
to life his legs and hold them level during the ATNR 
trial. 
Statistically significant increases were found with 
the addition of tension in the supine posture, offering 
general support for the ATNR response being a truly re­
flexive one. It also supported the explanation of the dif­
ference in test postures reflecting the increased tension 
in the quadrapedal posture. 
This support is not greatly weakened by the significant 
interaction found between the effect of added tension and 
the sex of the child. Statistically the significance of 
this monotonie interaction can be affected by transformations. 
Functionally, differential expectation due to socialization may 
have motivated the boys to greater effort in leg lifting. Under 
these conditions, it is still possible to conclude that the data 
support the increased tension as increasing the ATNR response 
and possibly producing the response difference between the 
relaxed supine posture and more tense quadrapedal posture. 
The data also support the ATNR as a reflex response. 
In the quadrapedal posture, the effect of a blindfold 
was investigated. Clinical and research methods have in­
cluded test conditions with tlie child's eyes open, closed. 
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and blindfolded. The results of this study showed no 
statistically significant differences between the use of or 
absence of a blindfold. The inconsistency of children's 
response to a blindfold is illustrated by Figure 5 in which 
the statistically significant interaction of age, sex, and 
blindfold is displayed. Within the 3-year-old group, males 
increased flexion responses with a blindfold added while 
females decreased elbow flexion under that condition. 
However, in the 5-year-old group, the childrens' responses 
were in the opposite direction, with the boys' decreased 
flexion with a blindfold and the girls increased flexion 
response. Apparently, the effect of a blindfold differs 
greatly from one age to another and between sexes. It is the 
experimenter's judgement that the distrust expressed by many 
of the children when blindfolded and their dislike of the 
blindfold, as well as the mixed effects, make the use of a 
blindfold inappropriate. 
Finally, as a check to be sure that the results weren't 
affected by some central nervous system preference for one 
direction of head turning over the other, this variable was 
randomly sequenced in testing and was considered in the data 
analysis. Results indicated no significant differences when 
the head was turned to the right versus the left. In the 
future, it would seem that this variable need not be 
considered. 
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Consistency of the ATNR Response 
Results of the analysis of variance on the effects of 
repeated trials found no statistically significant dif­
ference between first and second trials across all test condi­
tions. Further analysis of the average variance of all 16 
trials and of the variance of a single trial supported this 
finding. In other words, the ATNR response was reliable and 
consistent over a number of trials. Partial correlation 
coefficients for the first and second trial under each test 
condition were all highly statistically significant. Thus 
each of the test conditions may be considered a reliable 
measure of the ATNR response. 
Summary of Discussion of Normal 
Subject Results 
The ATNR response has been supported as a true reflex 
response, appearing regularly in repeated trials in normal 
children. The magnitude of the response (measured in degrees 
of elbow flexion) decreases significantly between three and 
five years of age. Although boys show a greater response than 
girls, the difference was not statistically significant. The 
ATNR response is significantly greater in the quadrapedal 
test posture than in the supine test posture. The suggestion 
that this difference was due to increased muscle tension in 
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the quadrapedal posture was supported when added tension in 
the supine posture also increased children's responses. Boys' 
response increased significantly more than girls, but both 
showed more flexion when muscle tension increased. There was 
no overall effect of blindfolding the children during testing, 
but instead responses varied with age and sex. In general, 
the use of a blindfold during testing seemed inappropriate due 
to the mixed effect and the negative reactions of the 
children. The ATNR response appeared consistent across 
repetitions, across test conditions, and for individual test 
conditions. 
Cerebral Palsied Subjects 
According to Bobath and Bobath (1972) the effects of 
cerebral palsy can be seen in the presence of both primitive 
and pathological postural and movement patterns. The ATNR 
is one of the reflexes producing postures or movements 
categorized by the Bobaths as primitive, e.g. belonging to very 
early stages of normal child development. Use of the term 
primitive also has the connotation of being abnormal or in­
appropriate for the actual age of the child exhibiting the 
pattern. A pathological pattern is one not seen at any 
stage of a normal child's motor development. The spasticity 
present in the muscles of the eight cerebral palsied children 
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tested exemplifies the pathological. 
In general, the Bobath's neurodevelopmental approach 
attempts to reduce the pathological patterns and then to 
integrate the primitive ones into higher level (more 
adaptable and complex ones). Within this framework, identi­
fication and differentiation of patterns as primitive or 
pathological becomes important. 
Results of this study suggest that such differentiation 
may not be possible or appropriate. Analysis of the ATNR in 
normal 3- and 5-year-olds found that although the magnitude of 
response varies with age and test posture, the incidence is 
high for all the children under all the test conditions in­
vestigated. In other words, the connotative aspect of 
calling the ATNR a primitive reflex is incorrect in sug­
gesting that it is not normal in young children. Assessing 
a cerebral palsied child for the presence of this supposedly 
primitive reflex is more likely to secure evidence of an area 
of normality rather than abnormality. 
Perhaps, the primitive quality of the reflex is in its 
magnitude, rather than its incidence. Since increased age 
(maturation) decreases the magnitude of the response, perhaps 
cerebral palsied children exhibit ATNR responses which are 
primitive due to great magnitude. The results of testing 
the eight cerebral palsied children however, showed some of 
them with ATNR responses just like those of the normal 
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subjects. Thus, the diagnosis of cerebral palsy and its ac­
companying nervous system damage was not assurance of the 
presence of an ATNR response primitive by virtue of its 
magnitude. 
That is not to say that the responses of the sample of 
cerebral palsied children were just like those of the normal 
children in all cases. The responses within the sample varied 
relative to the severity and extent of the cerebral palsy. 
The degree and extent of the spasticity which produced the 
pathological movement and postural patterns appeared related 
to the presence of high magnitude (primitive) ATNR responses 
as well. That is, the magnitude of the ATNR response was low 
in unaffected limbs (as in the paraplegic and the unaffected 
side of the hémiplégie child). • The magnitude of the 
response increased on the affected side of hémiplégie children 
and in both upper extreraeties of quadraplegic children. 
With a locked elbow considered an attempt to protect against 
a very strong ATNR response, it seemed reasonable to equate 
locking with a high magnitude response as seen in Figures 10, 
11 and 12. 
The trend of increasing magnitude of ATNR response with 
increased severity and extent of cerebral palsy might be due 
to a common element, such as the nature and degree of central 
nervous system damage. It is also possible to consider a 
cause-and-effeet-relationship, however. As severity and 
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extent of cerebral palsy increase in this sample, the 
muscle tone or tension in the upper extremities in­
creases. When findings of increased ATNR response due to 
increased tension in the normal subjects are considered, then 
it is reasonable to suggest that perhaps it is the similar 
increase in muscle tension due to greater spasticity that 
increases the ATNR response, and not the central nervous 
system damage, or immaturity of the nervous system. 
In summary, the results of this study offer good cause 
to question traditional views of the developmental nature 
of the ATNR and especially those related to the cerebral 
palsied child. 
Limitations and Future Research 
In general, the children who participated in this study 
did not find it inherently rewarding. The encouragement and 
expectations of the experimenter and the paper hat reward 
were not always enough to counterbalance the child's anxiety 
about the electrical equipment and discomfort with the number 
of repeated trials. The number of trials was as limited as 
possible while still allowing for collection of needed data 
in this study. Future research should cut down the number of 
trials to at least half either by limiting the number of 
variables studied or by changing the design so that not all 
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measures are repeated on each subject. It is this experi­
menter's judgement that preschool children would not find 
four to eight trials burdensome. 
The possibility of using telemetry devices for measuring 
the goniometric information should be explored. The wire 
connections from the goniometers to the X-Y plotter required 
careful handling and were a source of anxiety for some chil­
dren, especially the 3-year-olds. Perhaps the children could 
accept the goniometers more readily if the wires were not 
needed, as in telemetry equipment. 
Other limitations of this study include the necessarily 
limited ages studied and the cross-sectional nature of the 
design. Future investigations should provide data from in­
fants through adults and should offer both cross-sectional 
and longitudinal data. Thus we can develop a more firm data 
base for clinical comparison. 
The use of electrogoniometry in this study suggested 
further areas of investigation of the ATNR stimulus as well 
as the response. A time marker on the response data could 
aid in studying the effect of rate of head turning on the 
response. Other time characteristics to be explored include 
the static nature of the response. That is, when the head is 
rotated a given number of degrees and then held for 5 seconds, 
or 15 seconds, or 30 seconds, what happens to the flexion 
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response of the elbow? Is it maintained, increased, or de­
creased? During this study, electrogoniometry provided more 
accurate permanent records of the ATNR response, but in the 
future, such equipment could provide a better basis for 
understanding the nature of the ATNR stimulus and response. 
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SUMMARY 
This study investigated the incidence, magnitude and 
consistency of the asymmetrical tonic neck reflex (ATNR) in 
children. Forty preschool children, grouped by age (3 years 
and 5 years) and sex, were tested for the presence of the 
ATNR under four treatment conditions; quadrapedal test 
posture, quadrapedal posture plus blindfold, supine test 
posture, and supine posture with increased muscle tension. 
The ATNR was measured by electrogoniometric equipment and 
recorded graphically on an X-Y plotter. Change scores indi­
cating the difference in degrees of elbow flexion before and 
after head rotation were analyzed. 
The incidence of the ATNR was the number of trials with 
change scores greater than zero. Analysis of mean differences 
due to age, sex, or test postures found no statistically 
significant differences. 
Analysis of variance was used to test differences in 
magnitude of the ATNR due to between and within subject 
variables. Statistically significant differences were found 
due to age, but sex differences were not significant. Highly 
significant differences in treatments were further analyzed 
as posture, tension, and blindfold effects. The effects of 
test posture were highly significant and tension produced 
statistically significant effects. The blindfold did not 
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produce significant differences. 
Analysis of first and second repetitions found no sig­
nificant differences and significant correlations supported 
the consistency of the ATNR. 
Eight cerebral palsied children were tested for the 
ATNR. The response appeared related to the extent and 
severity of the cerebral palsy. 
83 
REFERENCES 
Adrian, M. An introduction to electromyography. Kinesiology 
Review, 1968, 27, 12-14. 
Ayres, A. J. Sensory integration and learning disorders. 
Los Angeles: Western Psychological Services, 1972. 
Bobath, K. & Bobath, B. Cerebral palsy. Ch. 3. In P. 
Pearson & C. Williams (Eds.) Physical therapy services 
in developmental disabilities. Springfield, 111.: 
Charles C. Thomas, 19 72. 
Byers, R. K. Tonic neck reflexes in children considered from 
a pragmatic standpoint. American Journal of Diseases of 
Children, 1938, 696. 
Cohen, L. A. Role of eye and neck proprioceptive mechanisms 
in body orientation and motor coordination. Journal of 
Neurophysiology, 1961, 2^, 1-11. 
Finocchiaro, A. J. Behavioral characteristics in learning 
disabled children. American Journal of Occupational 
Therapy, 1974, 28, 30-35. 
Florentine, M. R. Reflex testing methods for evaluating cen­
tral nervous system development. 2nd ed. Springfield, 
111.: Charles C- Thomas, 1973. 
Frankenburg, W. K., Dodds, J. B., Panda1, A. W., Kazuk, E. & 
Cohrs, M. Denver Developmental Screening Test reference 
manual, revised 1975 edition. Denver, Colo.: University 
of Colorado Medical Center, 1975. 
Fukuda, T. Vertical writing with eyes closed. Acta Otolaryg., 
1959, 26-36. 
Fukuda, T. Studies on human dynamic postures from the view­
point of postural reflexes. Acta Otolaryng. Supplement 
161, 1961. 
Gesell, A. The tonic neck reflex in the human infant. Journal 
of Pediatrics, 1938, 2^, 455-464. 
Gesell, A. & Ames, L. R. Tonic-neck-reflex and symmetro-
tonic behavior. Journal of Pediatrics, 1950, 36, 165-
178. 
84 
Hellebrandt, F. A., Houtz, S. J., Krikorian, A. M. Tonic 
neck reflexes in exercises of stress in man. American 
Journal of Physical Medicine, 1956, 3^, 144-159. 
Hellebrandt, F. A., Schade, M., Cams, M. L. Methods of 
evoking the tonic neck reflex in normal human subjects. 
American Journal of Physical Medicine, 1962, 41, 90-139. 
Ikai, M. Tonic neck reflex in normal persons. Japanese 
Journal of Psychology, 1950, 1, 118-124. 
Magnus, R. Korperstellung. [Body Posture]. Berlin: Julius 
Springer, 1924. 
Magnus, R. Some results of studies on the physiology of pos­
ture. Lancet, 1926, 196, 531-536. 
Magnus, R. & de Kleijn, A. Korperstellung, gleichgewicht und 
bewegung bei saugern Haltung und stellung bei saugern. 
Handbuch der Physiologie, 1930, 1_5, Nos. 1, 29, & 55. 
(Peiper, A. Cerebral function in infancy and childhood. 
New York: Consultants Bureau, 1963.) 
McCouch, G. P., Deering, J. D. & Ling, T. H. Location of re­
ceptors for tonic neck reflex. Journal of Neurophys^-
ology, 1951, 1±, 191-195. 
Meyers, I. L. Magnus and de Kleijn phenomena in brain lesions 
of man. Archives of Neurology and Psychiatry, 1922, 8, 
383 . 
Paine, R. S. The evolution of infantile postural reflexes in 
the presence of chronic brain syndrome. Developmental 
Medicine and Child Neurology, 1964, 345-361. 
Paine, R. S., Brazelton, T. B., Donovan, M. B., Drorbaugh, 
J. E., Hubbell, J. P. & Sears, E. M. Evolution of pos­
tural reflexes in normal infants and in the presence of 
chronic brain syndrome. Neurology, 1964, 1036-1048. 
85 
Parmenter, C. The asymmetrical tonic neck reflex in normal 
first and third grade children. American Journal of 
Occupational Therapy, 1975, 22' 463-468. 
Parr, C., Routh, D. K., Byrd, M. T. and McMillan, V. A develop­
mental study of the asymmetrical tonic neck reflex. De­
velopmental Medicine and Child Neurology, 1974, 3^, 329-335 . 
Peiper, A. Cerebral function in infancy and childhood. New 
York: Consultants Bureau, 1963. 
Rider, B. A. Tonic neck reflexes. American Journal of 
Occupational Therapy, 1972a, 132-143. 
Rider, B. A. Relationship of postural reflexes to learning 
disabilities. American Journal of Occupational Therapy, 
1972b, 239-243. 
Rider, B. A. Perceptual-motor dysfunction in emotionally dis­
turbed children. American Journal of Occupational 
Therapy, 1973, 2%, 316-320. 
Roberts, T. D. M. Neurophysiology of postural mechanisms. 
New York: Plenum Press, 1967. 
Silver, A. A, Postural and righting responses in children. 
Journal of Pediatrics, 1952, 4]^, 493-498. 
Tokizane, T., Murao, M., Ogata, T. & Kondo, T. Electromyo­
graphic studies on tonic neck, lumbar and labyrinthine 
reflex in normal persons. Japanese Journal of Physiology 
1951, 2, 131-146. 
Vassella, F. & Karlsson, B. Asymmetrical tonic neck reflex. 
Developmental Medicine and Child Neurology, 1962, 4, 
363-369 . 
Waterland, J. C. The supportive framework for willed movement 
American Journal of Physical Medicine. 1967, 266-
278. 
Waterland, J. C., Doudlah, A. M. & Shambies, G. The influence 
of tonic neck reflex on vertical writing. Acta Otolaryng 
1966 , 383-392. 
Waterland, J. C. & Murison, N. Reflex associations of head 
and shoulder girdle in nonstressful movements of man. 
American Journal of Physical Medicine, 1964, 43, 98-108. 
86 
Wells, H. S. The demonstration of the tonic neck and laby­
rinthine reflexes and positive heliotropic response in 
normal human subjects. Science, 1944 , 9_9, 36-37. 
Winer, B. J. Statistical principles in experimental design. 
New York: McGraw-Hill Book Co., 196 2. 
87 
ACKNOWLE DGMENTS 
The financial assistance from the College of Home Economics 
and the Graduate College was greatly appreciated. The 
cooperation of the staff at day care and nursery schools in 
Ames and Smouse and Van Meter schools of Des Moines deserve 
special thanks. Particular thanks go to Dr. Samuel Clark 
and Dr. Dianne Draper for co-chairing my program of study com­
mittee and cooperatively guiding and assisting in this re­
search project. The statistical assistance of Dr. Leroy 
Wolins and the support of Dr. Charlotte Roderuck and Dr. 
Dahlia Stockdale were gratefully received. Final thanks to 
Dr. Wayne Zemke for his assistance in developing the electro-
goniometric equipment, and to my husband Wayne Zemke for his 
emotional support. To David Zemke, the original pilot subject, 
goes the promise to stop causing his play to be interrupted 
for research needs. 
88 
APPENDIX A; ELECTROGONIOMETRIC EQUIPMENT 
Figure Al. Elbow electrogoniometers 
Figure A2. Head electrogoniometers 
head goniometer, 2KH 
left arm goniomoter 20K0 
right arm goniometer 
9v 
apparatus and 
plotter ground are to x-y plotter, input 
common impedance : IMU 
Figure A3.. Wiring diagram 
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No, 
2 
Description 
20K ohm potentiometers 
PS 351 
+105° pendular potentiom­
eter 
CP17-0637-1A 
X-Y Plotter 
7035B 
Supplier 
AST/Servo Systems Inc. 
9 30 Broadway 
Newark, N.J. 07104 
Humphrey, Inc. 
Electro-mechanical Instru­
ments 
9212 Balboa Ave. 
San Diego, Calif. 92123 
Hewle tt-Packard" 
1501 Page Mill Road 
Palo Alto, Calif. 
Note: These items were each checked for linearity. Linearity 
was a measure of the direct proportion between the 
mechanical movement generated by the plotter on graph 
paper in units and the electrical signal produced by 
movement of the goniometer a given number of degrees. 
The linearity was within +0.5 degrees. 
The head rotation goniometer was slightly affected by 
tilting it out of the vertical plane. It appeared 
to be within + 3 degrees with a tilt of as much as 
15 degrees out of vertical. 
The rate of head rotation was below the damped 
natural frequency of the pendular potentiometer in 
the head goniometer, consequently, the head 
rotation and elbow flexion were accurately repre­
sented by the electrogoniometric equipment. 
APPENDIX B; LETTERS TO PARENTS OF SUBJECTS 
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lowfl Stfltc University of science and Technoloi >lof;y l|il Ames. Iowa 50011 
fhild DcvcKipment Dcp.tiimcni 
101 Chslil I)cvcti>pmcnt Building 
Iclcphonc ^ 15 2^ 4 
Dear Parenti 
To better understand the sequence of development of some parts 
of movement skills, I am studying the development of three and 
five year old preschool children. I would like to have your 
child participate in a brief developmental assessment to help 
me gain information. 
A session of about 15 minutes will include looking at areas 
of development such as personal-social (play activity, for example), 
language, fine and large motor (copying a circle or catching a 
ball), and reflexes. I will ask your child to lie on a mat, 
kneel on all fours, and move about the room at different times. 
I will also ask your child to wear a blindfold briefly. All of 
the activities will be presented in a game-like w^, to try to 
make it fun for your child. Each child will receive a paper hat 
(a crown, or pirate's hat) during participation and the children 
may keep their hats. 
If you have any questions or comments about my project, please 
don't hesitate to call (294-8441 or 294—3040 to leave a message). 
Please fill out the bottom part of this letter and return it to 
your child's teacher by . 
Thank you for your consideration, 
Ruth ZemKe, M.S. 
Graduate Student 
amuel G. Clark, Ph.D. Dianne C. Draper, Ph.D. 
Professor of Child Development Associate Professor of Child 
o y» 4" 
^ do not 1 —— to participate 
(circle one) (your child's name) 
in the developmental assessment project. 
(Parent's Signature) 
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Iowa State University ofs. ience ami Tt'chnoîofsv {||)||| Ames, iowa 50011 
i hiW IVsçK^pnicnt IV^u^mcni 
101 Chilil Ocv^lopmeni BuilJiA# 
Tclcph«»nc M5-2»M VH0 
Dear Parenti 
like to have him or her participate with other 5 to 10 yr. olds. 
A session of about 15 minutes will include looking at areas 
of development such as personal-social (play activity, for example), 
language, fine and large motor (copying a circle or catching a 
ball), and reflexes. I will ask your child to lie on a mat, 
kneel on all fours, and move about the room at different times. 
I will also ask your child to wear a blindfold briefly. All of 
the activities will be presented in a game-like way, to try to 
make it fun for your child. Each child will receive a paper hat 
(a crown, or pirate's hat) during participation and the children 
may keep their hats. 
If you have any questions or comments about my project, please 
don't hesitate to call (294-8441 or 294-3040 to leave a message). 
Please fill out the bottom part of this letter and return it to 
your child's teacher by . 
Thank you for your consideration, 
Ruth Zemke, M.S. 
Graduate Student 
X' (_ . 
-S'amuel G. Clark, Ph.D. Dianne C. Draper, Ph.D. 
Professor of Child Development Associate Professor of Child 
Development 
'(cBcî^oner' (your child's name) to participate 
in the developmental assessment project. 
(Parent's Signature) 
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APPENDIX C: SUMMARY OF ANALYSIS OF VARIANCE FOR ALL 
VARIABLES BY SUBJECTS WITH FOUR TREATMENT LEVELS 
(SUPINE-RELAXED, SUPINE-TENSION, QUADRAPEDAL-NO BLINDFOLD, 
QUADRAPEDAL-BLINDFOLDED) 
96 
Source df SS MS F 
Age (A) 1 5712 .100 5712. 1000 5 .49301 
Sex (B) 1 3715 .256 3715. 2763 3 .57275 
A X B 1 56 .406 56. 4062 0 .05424 
Subject(S)/ 
A & B 36 37435 . 888 1039 . 8858 
Treatment (T) 3 81834 .487 27278. 1625 70 .61214 
A X T 3 1090 .662 363. 5542 0 .94109 
B X T 3 502 .756 167. 5854 0 .43381 
A X B X T 3 2569 .881 856 . 6271 2 .21746 
T X S/A & B 108 41721 .463 386. 3098 
Direction of 
Head Turn (D) 1 225 .625 225 . 6250 0 .47913 
A X D 1 1188 .100 1188. 1000 2 .52303 
B X D 1 955 .506 955 . 5062 2 .02910 
A X B X D 1 47 .306 47. 3063 0 .10046 
D X S/S & B 36 16952 .463 470. 9017 
D X T 3 575 .188 191. 7292 0 .74950 
A X D X T 3 973 .137 324 , 3792 1 .26805 
B X D X T 3 80 .8 31 26. 9437 0 .10533 
A X B X D X T 3 665 .356 221. 7854 0 .86699 
D X T X S/A & B 108 27627 .488 255 . 8101 
Repetitions (E) 1 113 .906 113. 9062 1 .19721 
A X E 1 0 .756 0 . 7562 0 .00795 
B X E 1 220 .900 220. 9000 2 .32176 
A X B X E 1 87 .025 87. 0250 0 .91467 
E X S/A & B 36 3425 .163 95. 1434 
E X T  3 531 .881 177. 2983 1 .86344 
A X E X T 3 193 .106 64 . 3687 0 .67654 
B X E X T 3 61 .212 21. 4041 0 .21446 
A X B X E X T 3 280 .063 93. 3542 0 .98119 
E X T X S/A & B 108 9960 .988 92. 2314 
p (Fi 26 1 4.11) = .05. 
P (^3, 100 -
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Source df SS MS F 
D X E 1 18.906 18 .9063 0 .20110 
A X E X E 1 154.056 154 .0562 1 .63868 
B X D X E 1 90.000 90 .000 0 .95732 
A X B X D X E 1 44.100 44 .100 0 .46909 
D X E X S/A & B 36 3384.438 94 .0122 
D X E X T 3 167.756 55 .9187 0 .43048 
A X D X E X T 3 216.731 72 .2437 0 .55616 
B X D X E X T 3 136.488 45 .4958 0 .35024 
A X B X D X E X T  3 87.612 29 .2042 0 .22482 
D X E X T X S/A & B 108 14028.913 129 .8973 
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APPENDIX D: SUMMARY OF ANALYSIS OF VARIANCE FOR 
TEST POSTURE BY SUBJECTS 
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Source df SS MS F 
Test Posture ! (C) 1 81090 .025 81090. 0250 110 .74693 
Age (A) x C 1 1081 .600 1081. 6000 1 .47717 
Sex (B) X C 1 47 .306 47. 3062 0 .06461 
A X B X C 1 425 .756 425. 756 0 .58147 
C X Subjects/A & B 36 26359 .563 732. 2101 
C X Direction of 
Head Turn (D) 1 497 .025 497. 0250 1 .14013 
A X C X D 1 970 .225 970. 2250 2 .22560 
B X C X D 1 56 .406 56 . 4062 0 .12939 
A X B X C X D 1 628 .0562 628. 0562 0 .06436 
C X D X S/A & B 36 15693 .788 435. 9385 
C X Repetition (E) 1 257 .556 257. 5563 3 .36170 
A X C X E 1 28 .056 28. 0563 0 .36844 
B X C X E 1 4 .900 4 . 9000 0 .06396 
A X B X C X E 1 0 .100 0 . 1000 0 .00131 
C X D X S/A & B 36 2758 .138 76. 6149 
C X D X E 1 3 .906 3. 9062 0 .03375 
Ax C X D X E 1 117 . 306 117. 3062 1 .01343 
B X C X D X E 1 5 .625 5. 6250 0 .04860 
Ax B X C X D X E 1 25 .600 25 . 6000 0 .22116 
C X D X D X S/A & B 36 4167 .063 115. 7517 
Residual 469 122915 .900 256. 6094 
Corrected Total 6 39 257133 .900 402. 5004 
p  ( 2 g  ^  4 . 3 8 )  —  . 0 1 .  
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APPENDIX E: SUMMARY OF ANALYSIS OF VARIANCE FOR TENSION 
IN THE SUPINE POSTURE BY SUBJECTS 
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Source df SS MS F 
Tension (F) 1 198 .4500 198 .450000 6 .9949* 
Age (A) X F 1 6 .6125 6 .612500 0 .23323 
Sex (B) X F 1 151 .2500 151 .250000 5 . 33470 
A X B X F 1 12 .0125 12 .012500 0 .42369 
F X Subjects (S)/A & B 36 1020 .6750 28 .352083 
F X Direction of 
Head Turn (D) 1 74 .1125 74 .112500 3 .64028 
A X F X D 1 0 .8000 0 .800000 0 .03929 
B X F X D 1 9 .1125 9 .112500 0 .44759 
A X B X D X F 1 6 .0500 6 .050000 0 .29717 
F X D X S/A & B 36 7 32 .9250 20 .359028 
X Repetition (E) 1 46 .5125 46 .512500 2 .02247 
A X F X E 1 45 .0000 45 .000000 1 .95670 
B X F X E 1 56 .1125 56 .112500 2 .43989 
A X B X F X E 1 2 .4500 2 .450000 0 .10653 
F X E X S/A & B 36 827 .9250 22 .997917 
F X D X E 1 18 .0500 18 .050000 0 .40894 
A X F X D X E 1 9 .1125 9 .112500 0 .20264 
B X F X D X E 1 18 .0500 18 .050000 0 .40894 
F X D X E X S/A & B 36 1588 .9750 44 .138194 
*P (Fi, 36 > 4.11) = .05. 
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APPENDIX F: SUMMARY OF ANALYSIS OF VARIANCE FOR BLINDFOLD 
IN THE QUADRAPEDAL POSTURES BY SUBJECTS 
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Source df SS MS F 
Blindfold (G) "T 546' .012 546 .01250 1 .37063 
A X G 1 2 .450 2 .45000 0 .00615 
B X G 1 304 .200 304 .20000 0 .76362 
A X B X G 1 2132 .112 2132 .11250 5 . 35213 
G X Subjects (S) /A & B 36 14341 .225 398 .36736 
G X Direction of 
Head Turn (D) 1 4 .050 4 .05000 0 .01302 
A X G X D 1 2 .112 2 .11250 0 .00670 
B X G X D 1 15 .312 15 .31250 0 .04922 
A X B X G D 1 31 .250 31 .25000 0 .10044 
G X D X S/A &B 36 11200 .775 331 .13264 
G X Repetition (E) 1 227 .813 227 .81250 1 .28649 
A X G X E 1 120 .050 120 .05000 0 .67794 
B X G X E 1 0 .020 " 0 .20000 0 .00113 
A X B X G X E 1 277 .512 277 .51250 1 .56715 
G X F X S/A &B 36 6374 .925 177 .08125 
G X D X E 1 145 .800 145 .80000 0 .63446 
A X G X D X E 1 90 .313 90 .31250 0 .39300 
B X G X D X E 1 112 .813 112 .81250 0 .49091 
A X B X G X D X E 1 24 .200 24 .20000 0 .10531 
G X D X E X S/A & B 36 8272 .875 229 .80208 
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APPENDIX G: CHANGE SCORES FOR CEREBRAL PALSIED 
SUBJECTS GROUPED BY AGE AND SEX 
105 
Test Posture: Supine Quadra pedal 
Direction of 
Head Turn: Left Right Left Right 
Trial Number: 1 2 1 2 1 2 1 2 
Subject Age Sex 
Number 
elbow elbow 
1 6 M 97 95 locked locked 
2 6 M 04 04 02 05 26 23 locked 
3 6 F 54 31 56 42 locked locked 
4 6 F 10 11 05 02 45 83 19 13 
5 7 M 11 14 06 14 23 24 18 14 
5 7 M 02 03 03 03 48 70 locked 
7 7 F 99 + 99 + couldn't assume posture 
8 7 F 00 00 00 00 13 09 06 06 
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APPENDIX H: CHANGE SCORES FOR CEREBRAL PALSIED 
SUBJECTS GROUPED BY EXTENT AND SEVERITY 
OF IMPAIRMENT 
107 
Test Posture: Supine Quadrapedal 
Direction of 
Head Turn: Left Right Left Right 
Trial Number: 1 2 1 2 1 2 1 2 
Severe Spastic 
Quadraplegia 
Subject No. 
1 97 inc. 95 inc. 
elbow 
locked 
elbow 
locked 
3 54 31 56 42 locked locked 
7 
Moderate Spastic 
Quadraplegia 
Subject No. 
99 + inc. 99 + inc. couldn ' t assume 
pos ture 
6 02 03 03 03 48 70 locked 
Mild Spastic 
Hemiplegia 
Subject No. 
4 10 11 05 02 45 83 19 13 
2 04 04 02 05 26 23 locked 
Spastic Paraplegia 
Subject No. 
5 11 14 06 14 23 24 18 14 
8 0 0 0 0 13 09 06 06 
